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Appendix A

Modeled Estimates of PCBs in Air

In order to assess the impact of volatilization of PCBs from the Upper Hudson, PCB emission
estimates were coupled with air dispersion modeling using the Industrial Source Complex (ISC) model.
The ISC model is recommended as a preferred model by the U.S. Environmental Protection Agency
(USEPA) for use in regulatory and permitting applications.  The ISC model was developed by USEPA for
determining atmospheric pollutant concentrations associated with point, line, area and volume sources of
emission.  The model has undergone several revisions to incorporate new features (e.g., Schulman and
Hanna 1986; Schulman and Scire 1980) since first being issued by Bowers et al. (1979).

The ISC model, based on an advanced steady-state Gaussian plume equation, calculates chemical
concentrations at specific downwind locations as a function of wind speed, atmospheric stability,
temperature gradient, mixing height and downwind distance.  It can account for plume rise, building
downwash effect, settling and dry deposition of particulates, receptor elevation and complex terrain
adjustment.  At each receptor location, the computed concentrations are weighted and averaged according
to the joint frequency of occurrence of wind-speed and wind-direction categories, classified by the
Pasquill-Gifford atmospheric stability categories.

Two separate versions of the ISC model are available to permit both long-term and short-term air
quality impact analysis.  The primary difference between the two models is the type of weather data
needed as input.  The short-term version, ISCST, was designed to calculate contaminant concentrations
over time periods as short as one hour.  The ISCST model can be used to calculate ambient
concentrations over longer time periods (for example one year), simply by averaging the hourly predictions
over the appropriate averaging period.  Because the ISCST predictions are based upon more detailed
meteorologic inputs, the predictions from the ISCST model are more accurate than those estimated using
the ISCLT model.  The ISCST model requires more detailed weather input data than does the long-term
version, ISCLT, which was designed to determine the monthly, seasonal, or annual average
concentrations.  For this assessment, the current ISC Short Term model, ISCST3 Version 97363, was
used to estimate the concentration of PCBs in air in the immediate vicinity of the river.

A.1 Features of the ISC Model

The ISC model1 provides a range of user-specified and USEPA-recommended default options.
The “simple terrain” algorithm of the ISC model, which was adopted here, is appropriate when the
topography within the model domain can be described as reasonably flat terrain with elevation variation of
less than approximately 30 feet, or when the chemical release point is reasonably close to the ground,
which is the case for the current analysis.

                                                
1 “ISC" is used to describe common features possessed by both ISCST3 and ISCLT3 models.  "ISCST3" or "ISCLT3" is used if a
distinction between the two models exists.
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The model assumes that pollutants from an emission source disperse in a Gaussian manner, with
dispersion coefficients that vary as a function of atmospheric stability.  Six atmospheric stability classes
(A-F) are used in the model, with A representing the most unstable atmospheric class and F representing
the most stable class.  For each of these six stability classes, dispersion coefficients are calculated, as a
function of distance, to define the spread of the plume from the source in the horizontal and vertical
directions.

A set of standard rural or urban dispersion coefficients are used by the ISCST3 model, depending
on the location of the source and the surrounding land use.  The EPA guidance on the distinction between
urban and rural is based on land use within a 3-km radius of the site in question.  If over 50% of the land
use within a 3 km radius is rural (single-family residential is considered rural), then rural dispersion
coefficients are appropriate.  Rural dispersion coefficients were adopted for the current assessment.  It
should be noted that rural atmospheric dispersion coefficients lead to predictions of lower chemical
dispersion and mixing than do the urban dispersion coefficients which account for the increased mixing
induced by the higher heat fluxes in urban settings and greater mixing induced by air flow around large
buildings.  Thus, the rural dispersion coefficients used lead to predictions of higher chemical concentrations
in the atmosphere.

The standard EPA default regulatory options were used in the ISCST3 modeling.  Default vertical
wind profile exponents were used for each stability class (A:0.07, B:0.07, C:0.10, D:0.15, E:0.35, F:0.55 for
the rural mode).  These wind profile exponents define the increase in wind velocity with height.  Also,
default vertical potential temperature gradients were used for each stability class (A:0.0, B:0.0, C:0.0,
D:0.0, E:0.02, F:0.035 oK/m); these define the strength of the temperature inversion during stable (E and
F) atmospheric conditions.

A.2 Meteorological Data

The principal meteorological input required by the ISCST model is hourly meteorological data
including the joint frequency of occurrence of wind-speed and wind-direction categories, and mixing
heights classified according to the Pasquill stability categories.  The meteorologic data was obtained from
the National Climatic Data Center for the National Weather Service (NWS) station at Albany New York
Airport from EPA’s electronic bulletin board service (USEPA, 1998).  The most recent full-year (8760
hours) of NWS data from the Albany station was used for the ISCST modeling.

A.3 Source Characterization

Volatile emissions of PCBs from the Upper Hudson River water surface provide the source term
for the air modeling performed for this assessment.  The PCB flux (µg/sec) from the river surface
depends on chemical factors (e.g., the volatility of PCBs and their affinity to partition into air, water, etc.);
atmospheric conditions, including wind speed, ambient temperature; and the diffusion of PCBs at the
water-air interface.

A model incorporating a two-layer film resistance approach is commonly applied to the estimation
of chemical volatilization at the air-water interface (Achman et al., 1993; Bopp 1983).  The two-layer
model accounts for diffusion through a water boundary layer on the water side of the interface, then
diffusion through an air boundary layer on the air side of the air-water boundary.  Given the complexity
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and uncertainty of modeling this chemical release, PCB releases were estimated using two approaches.
The first approach uses the two-layer model, and the physical-chemical parameters for PCBs determined
by Bopp (1983) to estimate the flux of PCBs from the water column into the air.  This estimate was
compared with an empirical calculation based on actual PCB flux measurements from Green Bay, Lake
Michigan (Achman et al., 1993).

According to the two-layer film resistance model, the flux of chemical across the air-water
interface is given by (Bopp, 1983):

F  =  Kl (Cw - Cg/H) [1]

and
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where:

F = flux (g/cm2-sec)
Cw = chemical concentration in water (g/cm3)
Cg = chemical concentration in bulk gas phase (g/cm3)
H = dimensionless Henry’s law constant
Kl = mass transfer coefficient (cm/sec)
µl, µg = liquid and gaseous boundary layer thickness (cm)
Dl = liquid phase diffusion coefficient (cm2/sec)
Dg = gas phase diffusion coefficient (cm2/sec)

The mass transfer coefficient is a function of chemical-specific Henry’s law constant and
chemical diffusion coefficients.  Values for tri- and tetrachlorobiphenyl published by Bopp (1983) were
used to estimate the PCB mass transfer coefficient.  The parameter values, and the mass transfer
coefficients calculated using equation [2] are summarized below.  The calculated mass transfer
coefficients compare favorably with the empirical coefficients determined by Achman et al. (1993) based
on in-situ measurements for total PCBs in Lake Michigan.  Achman et al. (1993) determined mass
transfer coefficients ranging from 0.02 to 0.31 m/day (0.2 × 10-4 to 3.6 × 10-4 cm/sec).
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Chemical-Specific Input Parameters for Flux Estimate [a]

Parameter (units) Trichlorobiphenyl Tetrachlorobiphenyl

H (dimensionless) 3.3 × 10-2 1.4 × 10-2

Dl (cm2/sec) 0.58 × 10-5 0.58 × 10-5

Dg (cm2/sec) 5.4 × 10-2 5.2 × 10-2

Kl (cm/sec) [b] 2.7 × 10-4 2.2 × 10-4

Notes:
[a]Source:  Bopp (1983)
[b]Calculated using equation [2] with µl = 0.018 cm and µg = 1 cm (Bopp, 1983)

It is typically observed, as suggested by Bopp (1983), that the gas phase term (Cg/H) in Equation
[1] is small with respect to the chemical concentration in water (Cw).  Under these conditions, the flux of
chemical from the water reduces to:

F  ≈  Kl × Cw [3]

Equation [3] indicates that the flux is linearly proportional to the concentration in water.  For a unit
concentration in water (1 ng/L ≡ 10-12 g/cm3), the flux of PCBs into the air based on Equation [3] is:

trichlorobiphenyl: 2.7 × 10-7 (ng/cm2-sec per ng/L)
tetrachlorobiphenyl: 2.2 × 10-7 (ng/cm2-sec per ng/L)

Given the only slight differences in the flux estimates, the higher flux rate (2.7 × 10-7 ng/cm2-sec per ng/L)
was used as the source term to the ISCST model to estimate the PCB concentration in air.

The flux calculated according to the two-film theory model, was compared with the PCB flux
from water estimated based on the field studies performed by Achman et al. (1993), who measured PCB
volatilization from Lake Michigan on 14 separate days from June to October, 1989.  The total PCB
concentration in water measured during the study period ranged from 0.35 ng/L to 7.8 ng/L.  The
measured PCB flux rates ranged from 13 to 1,300 ng/m2-day.  The highest flux rate (1,300 ng/m2-day)
corresponded to a PCB concentration in water of 6.67 ng/L and was measured on a day with a wind
speed of 6.5 m/sec (the day with the highest observed wind speed during the study when PCB
measurements were taken).

Using the 14 measurements from the Achman et al. study, the ordinary least squares linear
regression fit to the data gives:

Flux (ng/m2-day)  =   0.087 Cl (ng/m3)  +  47.5             (R2=0.31)

The data exhibited a significant degree of variability, as evidenced by the low R2 value.  Using this
empirical regression equation, the flux of PCBs from water per unit concentration is 134.5 ng/m2-day per
ng/L, or 1.6 × 10-7 ng/cm2-sec per ng/L.  The average normalized flux (average of 14 measurements)
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measured by Achman et al. was 104 ng/m2-day, or 1.2 × 10-7 ng/cm2-sec per ng/L.  These experimental
results are very close to the flux estimate calculated above using the two-layer film resistance theory.

A.4 Scaling Unit Emission Rate to Actual Source Strength

The ISC model yields a predicted chemical concentration (e.g., pg/m3) at a particular point in
space averaged over a particular time period that is linearly proportional to the emission source (in µg/sec).
This linear property is common to the Gaussian “advection dispersion” type models widely used for
chemical fate and transport not only in air but in soil, groundwater and surface water.  Because of the
linear relationship between the source emission rate and the predicted ambient chemical concentration in
air, the ISC model can be run for a “unit emission source” (i.e., 1 µg/sec), and the results then scaled
based on the actual source strength of any particular constituent modeled.  This greatly reduces the
number of modeling iterations required.  The ISC model results for the unit source are converted to the
chemical-specific concentration predictions by a simple arithmetic conversion using the chemical-specific
emission rates for the source(s) under consideration:

Ci(x,y)  =  C*(x,y)  ×  Ji [1]

where:

Ci(x,y) = chemical concentration of the ith chemical at a particular (x,y) location
(pg/m3)

C*(x,y) = normalized chemical concentration in air at a particular (x,y) location per
unit emission rate (pg/m3 per µg/sec emissions)

Ji = emission rate for the ith chemical (µg/sec)

For this assessment, a unit source (1 µg/sec) was apportioned to a representative reach of the river, taken
as a one kilometer long, by approximately 200 meter wide, which is a representative width of the Upper
Hudson in the vicinity of the Thompson Island Pool area.

As described above, the flux rate (µg/cm2-sec) is linearly proportional to the concentration of
PCBs dissolved in water.  Therefore, the ISCST model results can be scaled linearly to the PCB
concentration in water.

A.5 Summary of Modeling Results

The average normalized chemical concentration predictions, C*(x,y), were calculated for receptor
points covering a uniform grid (50 m × 50 m) up to 200 meters on either side of this representative stretch
of river.  The complete ISCST output file is provided in Attachment B-1.  A plot of the annual average
normalized PCB concentration in air is provided in Figure B-1.

Not surprisingly, the maximum average concentrations are predicted to occur immediately along
either side of the river, with slightly higher ambient concentrations predicted along the eastern, or
predominantly downwind, bank of the river.  The typical concentration along the eastern river bank is on
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the order of 70 picograms per cubic meter per 1 µg/sec emission source strength (e.g., 70 pg/m3 per
µg/sec).  The concentration drops approximately 10-fold as the distance downwind increases to
approximately 200 meters.  The downwind average normalized concentration within a 200 meter wide
zone is approximately 22 pg/m3 per µg/sec of PCB emissions.
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Table A-1
Airborne PCB Concentrations (ng/m³)

Monitor
Height Date Location Aroclor 1221 Aroclor 1242 Aroclor 1254 Total PCBs (a)
1 m 8/25-27/80 A <10 110 <10 120
1 m 9/5-7/80 A <10 520 <10 530
1 m 8/19-26/81 A <0.3 46 1.3 47
1 m 9/2-9/81 A <0.3 50 1.1 51
1 m 9/16-26/81 A <0.3 32 0.6 33
1 m 9/10/81 A <3 60 <2 63
1 m 9/10/81 B <3 58 <2 61
4.5m 9/10/81 A <3 39 <2 42
4.5m 9/10/81 B <3 31 <2 34

Notes:  
(a)  Total PCB based on summing Aroclor concentrations, including 1/2 the detection limit for 
       non-detected results.
Source: Buckley and Tofflemire (1983)
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Table A-2
Summary of PCBs Detected in Air and Corresponding Water Sampling Results

Remnant Deposit Monitoring Program (Harza, 1992)

AIR WATER Transfer Coefficient
Site Date PCB Conc Associated Water Total PCB Ratio

(µg/m³) Sample Locations (µg/L) PCBair/PCBh2o

A2 9/18/91 0.03 RS2-W1 1.8 (9/19/91) 0.02
RS2-W2 NS

E1 1.1 (9/19/91) 0.03
A3 9/18/91 0.03 RS3-W1 1.5 (9/19/91) 0.02

RS3-W2 1.8 (9/19/91) 0.02
A4 6/8/91 0.03 RS4-W1 NS

E3 0.14 (6/7/91) 0.2
RS4-W2 NS

E4 ND (6/7/91)
9/18/91 0.13 RS4-W1 NS

E3 1.4 (9/19/91) 0.09
RS4-W2 NS

E4 1.5 (9/19/91) 0.09
9/18/91 0.11 RS4-W1

E3
RS4-W2

E4
B3 5/15/91 0.08 RS3-W1 ND

RS3-W2 ND
5/15/91 0.06 RS3-W1

RS3-W2
5/21/91 0.04 RS3-W1 0.14 0.3

RS3-W2 ND
5/21/91 0.03 RS3-W1

RS3-W2
5/24/91 0.06 RS3-W1 NS

RS3-W2 NS
5/24/91 0.04 RS3-W1

RS3-W2
5/27/91 0.03 RS3-W1 NS

RS3-W2 NS
6/8/91 0.05 RS3-W1 0.2 0.3

RS3-W2 0.14 0.4

\8708676\99ReportRev1\Tables\
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Attachment A-1

ISCST3 Modeling Results
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